could be associated with the development of depressive symptoms 9) . Sohn et al. indicated psychological impact of needlestick injury among Korean health care workers by a cross-sectional study 10) .
Medical residents, particularly first-year medical residents (so-called "interns" in the U.S. medical education system), have a greater risk of needlestick injury due to a lack of experience and skill 11, 12) . Medical students normally do not perform any medical procedures in Japan. Therefore, some of them would face the first needlestick injury experience during their residency training.
The objective of this study was to determine the association of needlestick injury with depressive symptoms among first-year medical residents in Japan.
Method

Participants and study protocols
The eligible participants were all first-year medical residents in 14 training hospitals throughout Japan. They started their residency training from April 2005. These hospitals belonged to two training hospital groups that comprised 26 training hospitals. Eight of them with 3 or fewer medical residents were excluded, and four of them did not participate to avoid identification of participants.
A self-reported questionnaire was mailed twice to the participants as a baseline survey in August 2005 and 8 months later as a follow-up survey in March 2006.
Measurement
Assessment of depression
At the baseline survey and at the follow-up survey, the participants were asked to complete the Center for Epidemiologic Studies Depression Scale (CES-D) 13) . The CES-D has a satisfactory validity for Japanese workers in the previous study. Medical residents whose the CES-D score was 19 or higher were determined to have depressive symptoms 14) .
Independent variables
In the baseline survey, age, sex and marital/partner status were recorded as demographic characteristics. Health behaviors included smoking status and frequency of alcohol consumption. Smoking was dichotomized into current smoker and nonsmoker. Frequency of alcohol consumption was categorized into three groups: 1) none, 2) once a month and 3) once a week or more.
The number of incidence of self-reported needlestick injuries from September 2005 to February 2006 was recorded. It was dichotomized as none, and one or more.
Statistical analysis
Statistical analysis was conducted with the Statistical Package for Social Sciences (SPSS) version 10.0 15) . The chi-square test was used to assess the difference between medical residents without depressive symptoms at the baseline survey and those not responding to the followup survey, and the difference in the number of medical residents who had needlestick injury during the study period between those without and with depressive symptoms at the baseline survey. Logistic regression analyses were performed to explore the associations of needlestick injury with depressive symptoms. The medical residents who were determined to have depressive symptoms at the baseline survey were excluded from the analysis. Each variable was then examined using univariate analysis to determine odds ratios (model 1). In the next analysis, the model was adjusted for age, sex, civil status, smoking and the frequency of alcohol consumption (model 2). Odds ratios were adjusted to corrected odds ratios (cOR) according to Zhang's formula, because the prevalence of depressive symptoms was large 16) .
Ethics
The Human Research Committee at Kitasato University, Japan approved the recruitment, consent, and procedures of this study.
Results
The eligible participants were 107 medical residents. Figure 1 illustrates the process to select the study participants. Of the 99 medical residents at the baseline survey, 62 completed the follow-up survey. We excluded 16 medical residents (14 men and 2 women) who were determined to have depressive symptoms at the baseline survey from the logistic regression analysis. Table 1 shows the characteristics of the medical residents who participated in the baseline survey by the status of the follow-up survey and depressive symptoms. There were no significant differences between medical residents without depressive symptoms at the baseline survey and those not responding to the follow-up survey by the chi-square analysis (data are not shown). There were no significant differences in the number of medical residents who reported needlestick injuries during the study period between those with and without depressive symptoms at the baseline survey by the chi-square analysis (p<0.111). Table 2 shows the association of depressive symptoms at the follow-up survey with the study variables. Of the 46 participants (30 men and 16 women) without depressive symptoms at the baseline survey, 12 (26.1%) reported depressive symptoms at the follow-up survey. There were more women who developed depressive symptoms than men in the study period. More medical residents who did not consume any alcohol had a higher rate of developing depressive symptoms.
The results of multiple logistic regression analyses on the association between depressive symptoms and the study variables are shown in Table 3 . In model 1, there were significant associations of the event of needlestick injury (cOR, 2.41; 95% confidence interval [CI], 1.12-3.35) and alcohol consumption once a month (cOR, 0.17; 95% CI, 0.03-0.81). Model 2 shows significant associations of depressive symptoms with the event of needlestick injury (cOR, 2.98; 95% CI, 1.16-3.70) and women (cOR, 2.93; 95% CI, 1.02-3.70).
Discussion
More than a quarter of the medical residents (26.1%) had developed depressive symptoms at the follow-up survey, and history of needlestick injury incident was significantly associated with depressive symptoms.
Depression could also be a cause of "injury" because depressive symptoms might be related to fatigue and loss of concentration. This has been shown in Japanese nurses with "poor mental health," who were found to be at a higher risk of needlestick injury in the past 12 months 17) . For workers in industries, preexisting depression could be a factor of occupational injuries 18, 19) . Since preexisting depression was not largely explored, the causal relationship was not supported in these previous studies. In this study, there was no significant difference between those without and with depressive symptoms at the baseline in the number of medical residents who had a needlestick injury during the study period.
Psychosocial factors are also considered to be a cause of injuries. Job stress is associated with occupational injury 20) . Salminen et al. 21) reported that interpersonal relationships and conflicts at work were associated with injuries among health care workers. Li et al. 19) showed an association between stress reaction and the risk of developing non-fatal injuries in a cross-sectional study. Further study is needed to take these psychosocial factors into account. Alcohol use also correlated with needlestick injuries and this should be the focus of additional studies.
There were more men among the 16 medical residents with depressive symptoms at the baseline survey. On the contrary, there were more women among the medical residents with depressive symptoms at the follow-up survey. We did not identify the reason for this gender difference. Further study should be done to determine the gender difference with a larger population.
Limitations
This study had several limitations. First, sampling bias may affect the results because the response rate was not optimal in the follow-up survey, and information on needlestick injury and depressive symptoms from the medical residents who did not respond to the follow-up survey was not obtained. However, there were no significant differences between the medical residents with- out depressive symptoms at the baseline survey and those who did not respond to the follow-up survey with respect to demographic factors. Second, even though the study design is prospective, it is not possible to determine a causal relationship between needlestick injury and depressive symptoms. Since this study was implemented in two waves over two time periods, we were not able to definitively determine the relationship between depressive symptoms and needlestick injuries. Thus, there is a dilemma as to whether needlestick injury is a cause or an outcome of depressive symptoms. A two-wave panel study design could determine a causal relationship 22) . A different, more definitive, approach would involve assessment of injured medical residents at the beginning of residency and at the point of injury with follow-up for at least several months. Intervention, in the form of mental health care, could also be assessed. Third, the results may have been influenced by other risk factors that we could not control. Other potential confounders include personal risk factors and other work-related factors such as overtime work, fatigue, specialties in service, psychosocial factors, death of patients, and medical errors such as wrong diagnosis and medication. In summary, since it was not possible to determine when the medical residents developed depressive symptoms, it is not possible to definitely determine causality between needlestick injury and depressive symptoms. However, these findings are suggestive. Therefore, it would seem prudent to suggest the provision of mental health services to medical residents sustaining a needlestick injury since this may be helpful in identifying and treating depression.
